Genetic factors strongly inf luence interindividual variation in plasma high density lipoprotein cholesterol (HDL-C) levels, but the specific genetic polymorphisms that confer heritable variation in HDL-C levels have not been identified. In this study we examined the relationship between polymorphism in LIPC, the gene encoding hepatic lipase, and plasma HDL-C concentrations using a sequential approach comprising linkage analysis, DNA sequencing, and association studies. Linkage studies in 1465 American white subjects from 218 nuclear families indicated that allelic variation at, or closely linked to, the hepatic lipase gene accounts for a significant fraction (Ϸ25%) of the variation in plasma HDL-C concentrations. The hepatic lipase gene was then sequenced in selected individuals, and four novel polymorphisms were identified in the 5 f lanking region of the gene. These polymorphisms were in complete linkage disequilibrium and thus identified a single novel allele. Association studies indicated that heterozygosity for the rare allele was associated with modestly increased concentrations of plasma HDL-C (41 ؎ 11 vs. 37 ؎ 10 mg͞dl, P < 0.05) and apolipoprotein AI in men (131 ؎ 23 vs. 122 ؎ 21 mg͞dl, P < 0.05) but not in women. Homozygosity for the rare allele was associated with markedly higher plasma HDL-C (63 ؎ 3 mg͞dl) and apolipoprotein AI (153 ؎ 9 mg͞dl) concentrations in men. The results of the association study were replicated in a second, independently ascertained sample. Taken together, the results of the linkage and association studies provide strong evidence that genetic variation in hepatic lipase activity is a major determinant of plasma HDL-C levels.
Epidemiologic studies have revealed that a low plasma concentration of high density lipoprotein cholesterol (HDL-C) is a major risk factor for coronary heart disease (1-3). Accordingly, the causes of low HDL levels have been investigated extensively. HDL metabolism is clearly modulated by environmental variables, and factors that confer coronary risk, such as cigarette smoking (4) , obesity (5, 6) , and lack of exercise (7) , are frequently associated with low plasma HDL-C concentrations. HDL levels are also strongly influenced by genetic factors. Data from several family and twin studies (3, (8) (9) (10) (11) (12) indicate that genetic polymorphism accounts for between 40 and 60% of the interindividual variation in plasma HDL-C levels. Although heritability estimates based on family data are potentially confounded by the fact that relatives who live together share environment as well as genes, the similarity of plasma HDL levels in identical twins reared apart provides compelling evidence that genetic polymorphism is a major cause of interindividual variation in plasma HDL-C concentrations (9, 13) .
Several studies have attempted to identify the specific genetic determinants of plasma HDL-C concentrations (14, 15) . Plasma HDL-C concentrations do not segregate in Mendelian fashion in most families, so most studies have sought statistical associations between DNA sequence polymorphisms in candidate genes and plasma HDL-C concentrations in cohorts of unrelated patients (14, 15) . To date, the fraction of variation in HDL-C levels that has been accounted for in these association studies is very small. More recent studies have used linkage methods to investigate the relationship between plasma HDL-C concentrations and candidate genes in extended families. Bu et al. (16) used sibling-pair analysis to test for linkage between plasma HDL-C concentrations and several candidate loci in 30 families solicited through patients with coronary atherosclerosis. In that study, markers linked to the cholesteryl ester transfer protein and apolipoprotein(a) loci were significantly associated with variation in plasma HDL-C concentrations. Mahaney et al. (17) used complex segregation and linkage analysis to investigate the genetic architecture of HDL-C in 526 Mexican-Americans from 25 randomly ascertained pedigrees. This analysis indicated that an unidentified major gene locus accounted for a small fraction of the variation in HDL-C. The locus was not linked to the genes encoding APOAI͞CIII͞AIV, hepatic lipase, lipoprotein lipase, or the low density lipoprotein receptor.
In a previous study of normotriglyceridemic whites, we used robust sibling-pair analysis to investigate the relationship between plasma HDL-C concentrations and polymorphism in the genes encoding hepatic lipase, apolipoprotein AI͞CIII͞ AIV, and cholesteryl ester transfer protein (18) . This analysis indicated that polymorphism at, or closely linked to, the genes encoding hepatic lipase and the apolipoprotein AI͞CIII͞AIV cluster accounted for a major fraction of the variation in plasma HDL-C concentrations. The effects of the two genes were not due to individuals with extreme trait levels, suggesting that common polymorphisms at these loci are systematically associated with variation in HDL-C concentrations. On the basis of these observations, we have undertaken further studies to (i) verify the findings in a larger sample, (ii) estimate variance components using likelihood methods for pedigrees, (iii) identify polymorphisms that are systematically associated with different HDL-C concentrations, and (iv) test the relationship between the polymorphisms identified and plasma HDL-C concentrations in association studies. In this report, we present strong evidence for linkage between LIPC (the gene encoding hepatic lipase) and HDL-C levels and identify a hepatic lipase allele that is systematically associated with high plasma HDL-C concentrations in men.
METHODS
Subjects. The study protocol was approved by the Institutional Review Board of the University of Texas Southwestern Medical Center at Dallas. Two groups of subjects were solicited independently. For linkage and variance components analysis and initial studies of association, a group of nuclear families was selected solely on the basis of family size (group I). For this group, families in which both parents and three or more children were available for sampling were recruited by advertisements in newspapers, churches, and health centers. Data from 80 of these families were the subject of a previous report (18) . To perform confirmatory association studies in an independent sample (Group II), we recruited male relatives of probands with documented premature coronary atherosclerosis (defined as coronary artery bypass graft, coronary angioplasty, or angiographic evidence of greater than 75% stenosis of at least one major coronary artery occurring in men aged Ͻ60 years or in women aged Ͻ65 years).
Fasting blood samples were drawn into 10-ml vacuum tubes containing sodium EDTA. Plasma was separated by centrifugation and stored at 4ЊC until analysis. Genomic DNA was isolated from whole blood using commercial DNA isolation kits from Qiagen (Chatsworth, CA; catalog no. 10243). All participants completed a detailed questionnaire to furnish data on family history, past and current health status, diet and exercise habits, alcohol and tobacco use, and medications.
Assay of Plasma Lipids and Lipoproteins. Plasma cholesterol and triglyceride concentrations were determined in duplicate by enzymatic assay using commercial reagents (Cholesterol͞HP, Boehringer Mannheim, and Triglycerides GPO-TRINDER, Sigma). HDL-C was measured in the supernatant after precipitation of apolipoprotein B-containing lipoproteins with sodium phosphotungstate (0.555 mM)-MgCl 2 (25 mM) (19) . In 80 plasma samples, the mean HDL-C concentration determined using sodium phosphotungstate precipitation was 5 mg͞dl lower than the mean value obtained using heparin manganese (46 mM) and was identical to the mean value obtained using heparin manganese (92 mM). The results from the three methods were highly correlated (r Ͼ 0.93). Intraassay variation was Ͻ3% for plasma cholesterol and triglyceride and Ͻ5% for plasma HDL-C. The plasma concentrations of apolipoprotein AI, the major protein constituent of HDL, were determined on a subset of the samples (n ϭ 1200) by immunoturbidimetric assay (20) using antisera and standards purchased from Incstar (Stillwater, MN). The correlation coefficient between plasma HDL-C and apolipoprotein AI concentrations was 0.74, in excellent agreement with published reports (21) (22) (23) .
Assay of Microsatellite Polymorphisms. The four parental LIPC alleles of each nuclear family were distinguished using a single-strand conformation polymorphism and five microsatellite polymorphisms (LIPC, D15S98, D15S198, D15S117, and D15S643) located within 5 cM of the gene as described (18) . In each family, at least two informative polymorphisms, including one within the gene, or one on each side of the gene was analyzed to preclude recombination between the polymorphism and the gene. Data from 23 individuals whose LIPC inheritance could not be unambiguously determined were excluded from the analysis.
DNA Sequencing. The coding region, intron͞exon boundaries, and 780 bp of 5Ј flanking sequence of the hepatic lipase gene were sequenced using a standard protocol for cycle sequencing (24) . DNA regions to be sequenced were PCRamplified and purified using spin columns to remove excess PCR primers and buffer. Sequencing reactions were performed in 20-l volumes containing 8 l of terminator mix, 100-200 ng of DNA template, 3.2 pmol of primer, and 8 l of water. Reactions were overlayed with 50 l of mineral oil and subjected to 25 cycles of amplification. Extension products were purified using Centri-Sep spin columns (Princeton Separations, Adelphia, NJ), resuspended in loading buffer (containing deionized formamide, 25 mM EDTA, and 10 mg͞liter blue dextran), heated to 90ЊC, and loaded onto an Applied Biosystems model 377 automated sequencer.
Assay of Hepatic Lipase Polymorphism. A C-to-T substitution 514 bp upstream of the transcription initiation site created an NlaIII restriction site (5Ј-CATG-3Ј). To assay the polymorphism, a 299-bp fragment containing the restriction site was PCR-amplified using the primers 5Ј-AAGAAGTGTGTTTA-CTCTAGGATCA-3Ј and 5Ј-GGTGGCTTCCACGTGGCT-GCCTAAG-3Ј. The fragment was labeled by adding 0.3 pmol of [ 32 P]dCTP to the PCR mixture. The PCR-amplified DNA fragment was digested by adding 10 units of NlaIII in 30 l of New England Biolabs buffer 4 to the PCR and was electrophoresed on a 5% polyacrylamide gel.
Statistical Analysis. Heritability estimation. The heritability index of plasma HDL-C levels was estimated by regressing the average of the offspring plasma HDL-C values on the midparent values using weighted least-squares. Weights to adjust for unequal family sizes were calculated as suggested by Falconer (25) , with an unweighted least-squares estimate used as the initial estimate of heritability in the weights.
Sibling-pair linkage analysis. Initial testing for linkage was performed using the sibling-pair method described by Haseman and Elston (26) . This procedure is based on simple genetic assumptions. Full siblings who share both parental alleles of a gene in common may be considered to have identical copies of the gene ''by-descent.'' Accordingly, if allelic variation in a candidate gene is associated with variation in a trait, then trait levels should tend to be more similar in siblings sharing both parental alleles at that locus than in siblings sharing neither parental allele in common. Conversely, if variation in a candidate gene does not influence a trait, then concordance for trait levels among siblings should be independent of the number of alleles of the candidate gene they share. In the model on which the procedure was originally based, genetic variance was due to a single biallelic gene, an assumption that is almost certainly violated for most traits. More recently, we proved that the procedure is also valid when genetic variance is due to multiple genes each having two or more alleles (Stoesz M., C.J.C., and G.R., unpublished work). The HasemanElston procedure regresses squared sibling-pair differences in trait levels (⌬ 2 ) on the proportion of alleles shared identicalby-descent () at the candidate locus. Regression parameters are estimated by ordinary least-squares, and a negative slope (decreasing ⌬ 2 with increasing ) is considered evidence for linkage. Simulation studies have suggested that a one-sided t test of the slope parameter is unlikely to falsely reject the null hypothesis and is robust to nonindependent ⌬ 2 values, which are inevitable in sibships of size 3 or greater (27, 28) . Tests for linkage were performed using the observed data from all possible pairs.
To accommodate known limitations of the Haseman-Elston procedure, the data were reanalyzed after taking the following steps: (i) The method does not easily accommodate covariates, therefore the observed data were preadjusted for the effects of age and sex using Z scores as described (18) . The timing of the pubertal decrease in HDL-C in males is difficult to establish, so all males between the ages of 12 and 16 years (inclusive) were omitted. (ii) To exclude possible confounding by environmental factors with a strong influence on HDL-C levels, individuals using hormones or lipid-lowering drugs or who had diabetes, monogenic dyslipidemia, or plasma triglyceride concentrations Ͼ200 mg͞dl were excluded from the analysis. And (iii), the statistical test is based on a least-squares regression estimate that is sensitive to outliers, therefore values of ⌬ 2 falling in the upper or lower 2.5 percentile at each were excluded before regression analysis.
The squared sibling-pair difference (⌬ 2 ) on which the Haseman-Elston procedure is based does not satisfy the usual assumptions of the t test (29), so corroborative testing was performed using a nonparametric procedure as suggested by Kruglyak and Lander (30) . The Jonckheere-Terpstra test (31) is appropriate in the present context because it can be used to evaluate whether the magnitude of ⌬ decreases with increasing , as is expected under the alternative hypothesis of linkage.
Variance component analysis. To test for linkage and estimate variance components using a more complete genetic model, we used a robust variance components procedure proposed by Hopper and Mathews (32) and developed by Amos (33) . Like the Haseman-Elston method, the robust variance components method does not require specification of the genetic mechanism underlying the trait, requiring only identity-by-descent data at the candidate locus g. In addition, the Amos model more directly accommodates covariate effects and genetic covariances among siblings. This model attributes trait variance to covariate effects, genetic covariance due to a major gene locus (g), and residual polygenes (pg) and residual nongenetic effects (e). The variance components g 2 (major gene), pg 2 (polygenes), and e 2 (residual error) can be estimated using restricted maximum likelihood (34) . To evaluate the null hypothesis of no linkage ( g 2 ϭ 0), a likelihood ratio test was used (35) . The procedure was performed using all available data and was repeated after excluding individuals with secondary influences on HDL-C levels as described in (ii) above.
Association studies. The association between the C-to-T polymorphism in the 5Ј flanking region of the hepatic lipase gene and plasma HDL-C concentrations was tested in two independent samples. The first sample comprised all individuals from group I who did not use hormones or lipid-lowering drugs and who did not have diabetes, monogenic dyslipidemia, or plasma triglyceride concentrations Ͼ200 mg͞dl. The polymorphism was assayed in the 50 men with the highest and in the 50 men with the lowest plasma HDL-C concentrations. A corresponding analysis was performed separately for women. The second sample included all men from group II who did not have premature coronary disease and who met the exclusion criteria used for group I (described above). The polymorphism was assayed in the 50 men with the highest and in the 50 men with the lowest plasma HDL-C concentrations. The association between genotype and HDL-C status (low or high) was tested using Fisher's exact test.
RESULTS
Blood samples were drawn from 1465 individuals comprising 218 nuclear families selected solely on the basis of sibship size (group I). Ascertainment was essentially complete (Ͼ95%) for children over the age of 5 years. All participants identified themselves as white, not of Hispanic origin. Data from these individuals were used for heritability estimation, sibling pair linkage analysis, variance components analysis, and initial association studies.
Heritability Estimation. Regression of mean offspring on mid-parent HDL-C indicated that genetic factors accounted for 46 Ϯ 9% of the variance in plasma HDL-C concentrations. Spousal HDL-C concentrations were not significantly correlated (r ϭ 0.09, P ϭ 0.36).
Sibling-Pair Linkage Analysis. Analysis of the observed HDL-C data using all possible sibling-pairs revealed a clear decreasing trend in the squared sibling-paired differences of HDL-C levels with increasing proportion of hepatic lipase alleles shared in common (Fig. 1) . Both parametric (t test) and nonparametric (Jonckheere-Terpstra test) tests for linkage between LIPC and plasma HDL-C concentrations were significant (Table 1) . A second series of analyses was then performed to protect against spurious linkage due to covariate effects or outlying points. Exclusion of individuals with possible secondary causes of low or high HDL-C, adjustment for age and sex, exclusion of males aged 12 to 16 years, and exclusion of outlying points decreased the sample size to 1100 pairs, but the P values for linkage remained significant (Table  1) .
Variance Component Analysis. The likelihood ratio test comparing models with and without the hepatic lipase gene indicated that the variance component due to LIPC was significantly greater than 0 (Table 1) . Variance component analysis indicated that polymorphism at the hepatic lipase locus accounted for 25% of the variation in plasma HDL-C concentrations.
Identification of DNA Sequence Polymorphism. Four polymorphisms (Ϫ250 G-to-A, Ϫ514 C-to-T, Ϫ710 T-to-C, and Ϫ763 A-to-G) were identified in the 780-bp region 5Ј of the transcription initiation sequence. The sequence changes were confirmed by restriction digestion with the enzymes DraI, NlaIII, AvaII, and SphI, respectively. Analysis of 13 individuals who were homozygous for Ϫ514 T and 12 individuals homozygous for Ϫ514 C indicated that the four polymorphisms were in complete linkage disequilibrium; therefore, subsequent analyses were performed using only the Ϫ514 polymorphism. The frequency of LIPC alleles with T at position Ϫ514 was found to be 0.15 in 272 unrelated individuals. The observed genotype frequencies (198 CC, 67 CT, and 7 TT) were consistent with Hardy-Weinberg equilibrium (197 CC, 69 CT, and 6 TO). Sequencing of both strands of the coding region and intron͞exon boundaries in two homozygotes for the Ϫ514 T allele revealed no further polymorphisms.
Association Studies. Analysis of the plasma lipid and lipoprotein levels of 272 unrelated individuals (from group I) revealed a small effect of the CT genotype on plasma HDL-C and apolipoprotein AI levels among men (Table 2) but not in women. Only two men were homozygotes for the TT genotype, and both had very high plasma HDL-C and apolipoprotein AI levels. No effect of LIPC genotype on total cholesterol or triglyceride concentrations was observed in either sex (Table  2) . To test the association between the Ϫ514 T allele of hepatic lipase and elevated or decreased plasma HDL-C concentrations among individuals in group I, the frequencies of the three possible genotypes (CC, CT, and TT) were compared in the 50 men with the lowest HDL-C concentrations and in the 50 men with the highest HDL-C concentrations. The association between LIPC genotype and HDL-C status (high or low) was significant at the 0.01 level (Table 3) . No homozygotes for the Ϫ514 T allele were found in the low HDL-C group whereas eight were found in the high HDL-C group. The mean plasma HDL-C and apolipoprotein AI concentrations of these eight men were 63 Ϯ 3 mg͞dl and 153 Ϯ 9 mg͞dl, respectively. The frequency of CT heterozygotes was similar in the two groups. A similar analysis performed among women in group I revealed no association between the Ϫ514 C-to-T polymorphism and HDL-C concentrations (Table 3) .
Given the different findings in men and women from group I, a second association study was undertaken in an independent group (group II) comprising 441 male relatives of individuals with premature coronary atherosclerosis. The frequencies of the CC, CT, and TT genotypes were compared in the 50 men with the lowest HDL-C concentrations and in the 50 men with the highest HDL-C concentrations. The association between LIPC genotype and HDL-C status (high or low) was significant at the 0.01 level ( Table 3) . None of the 50 men with the lowest HDL-C were homozygous for the hepatic lipase Ϫ514 T allele whereas 7 of the 50 men in the high HDL-C group were homozygous for this allele. The mean plasma HDL-C and apolipoprotein AI concentrations of these seven men were 56 Ϯ 11 mg͞dl and 147 Ϯ 14 mg͞dl, respectively.
Linkage and Variance Components Analysis in CC Homozygotes. To determine whether the polymorphisms identified in this study accounted for all of the effect of hepatic lipase genotype on plasma HDL-C concentrations, sibling-pair linkage analysis and variance components analysis were performed in 115 families in which both parents were homozygous for the Ϫ514 C allele. Both tests revealed significant evidence for linkage between LIPC and HDL-C levels (Table 1) .
DISCUSSION
There is considerable evidence that hepatic lipase activity is an important determinant of plasma HDL-C concentrations. Clinical studies consistently have found an inverse relationship between hepatic lipase activity measured in postheparin plasma and plasma HDL-C concentrations (24, (36) (37) (38) (39) , and drugs, such as anabolic steroids, that increase hepatic lipase activity cause a proportional reduction in plasma levels of HDL-C (40) . A study of monozygotic and fraternal twins indicated that hepatic lipase activity is strongly influenced by genetic factors (41) , but the effect of polymorphism in the hepatic lipase gene on plasma HDL-C concentrations has received little attention. In this study, we used a sequential approach comprising linkage analysis, DNA sequencing, and association studies to investigate the role of genetic variation in LIPC, the gene encoding hepatic lipase. Two primary observations were established. First, linkage and variance components analysis indicated that allelic variation at, or closely linked to, the hepatic lipase gene accounts for a significant fraction (Ϸ25%) of the variation in plasma HDL-C concentrations. Second, a hepatic lipase allele with systematic effects on plasma HDL-C concentrations was identified. Taken together, these two observations provide strong evidence that genetic variation in hepatic lipase activity is a major determinant of plasma HDL-C levels.
The relationship between hepatic lipase activity and plasma HDL-C concentrations has been reported widely, but direct evidence for linkage between LIPC and HDL-C has not been published previously. Our preliminary analysis of 80 nuclear families (comprising a subset of the current data) indicated that allelic variation in hepatic lipase accounted for 25% of the variation in plasma HDL-C concentrations, but the sample size did not provide sufficient power for statistically significant linkage (18) . Therefore, the first goal of the present study was to determine whether polymorphism in, or closely linked to, the hepatic lipase gene is a significant cause of variation in plasma HDL-C concentrations. Sibling-pair linkage analysis under the least restrictive conditions (i.e., using the raw data) resulted in significant P values using both parametric and nonparametric tests. Significant evidence for linkage also was obtained when the sibling-pair procedure was applied under the most conservative conditions (exclusion of individuals with secondary factors known to influence HDL-C, adjustment of the data for the effects of age and sex, and exclusion of outlying points). Essentially identical results were obtained when the data were analyzed using a more complete genetic model Values are means Ϯ SD. Units are mg͞dl. Apo, apolipoprotein. *Mean HDL-C and apolipoprotein AI levels are higher in men with CT genotype than in men with CC genotype (unpaired t test, P Ͻ 0.05). The P values remained significant after exclusion of individuals who had plasma triglyceride concentrations Ͼ200 mg͞dl. None of the other lipid or lipoprotein levels differed with genotype in men or in women. evaluated by maximum likelihood methods. Thus, it is highly unlikely that the linkage observed between LIPC and plasma HDL-C concentrations is an artifact of the analytical methods used or of covariates or outliers. Accordingly, the results of the linkage analysis indicate that polymorphism in the hepatic lipase gene, or in a closely linked gene, causes interindividual variation in plasma HDL-C levels.
To identify DNA polymorphisms that may confer heritable variation in plasma HDL-C concentrations, we sequenced 780 base pairs of the 5Ј flanking region and the exons and intron͞exon boundaries of the gene in selected individuals. The first polymorphism identified was a C-to-T substitution 514 base pairs upstream of the transcription initiation site. Substitution of T for C at this position in the sequence introduced an NlaIII restriction site that was used to confirm the results of the sequencing and provide a simple assay for association studies. The Ϫ514 T allele was far less common than the Ϫ514 C allele; therefore, we examined the effects of the polymorphism by comparing the prevalence of TT homozygotes among individuals with high or low HDL-C concentrations. To control for spurious associations between the TT genotype and HDL-C concentrations, data from individuals with secondary conditions such as elevated plasma triglyceride concentrations, diabetes, or smoking (which are known to influence HDL-C concentrations) were excluded from the analysis, and two separate studies were performed in individuals ascertained by different criteria. These studies provided direct evidence for an association between the TT genotype and high plasma HDL-C concentrations in men. Heterozygosity for the Ϫ514 T allele was associated with a modest increase in plasma HDL-C concentrations. The effect of the Ϫ514 T allele on HDL-C concentrations was thus consistent with a recessive pattern of inheritance, common to several enzyme deficiencies. No effect of the TT genotype was evident in women. The different effects of the polymorphism on HDL-C levels of men and women may reflect genderspecific expression of the polymorphic alleles. Alternatively, the rate-limiting factors determining plasma HDL-C concentrations may differ among men and women.
We did not measure hepatic lipase activity in the present study, so we only speculate about the effects of the Ϫ514 polymorphism on the activity of this enzyme. Indeed, we cannot exclude the possibility that the Ϫ514 T is in linkage disequilibrium with an HDL-raising allele of another, as yet unidentified gene that is closely linked to LIPC. Given the well established inverse relationship between hepatic lipase activity and HDL-C concentrations, however, it seems most likely that the Ϫ514 T is associated with low hepatic lipase activity either by directly affecting hepatic lipase expression or through linkage disequilibrium with another polymorphism that directly decreases hepatic lipase activity. To determine whether LIPC alleles containing Ϫ514 T encode a dysfunctional hepatic lipase protein, the coding region and the intron͞exon junctions of the hepatic lipase gene were sequenced in two homozygotes for the T allele. Sequencing of both the coding and noncoding strands did not reveal any polymorphisms in the coding region or in the intron͞exon boundaries. Therefore, it is most unlikely that the effects of the T allele were caused by production of an abnormal hepatic lipase protein. Three additional polymorphisms were identified in the 5Ј flanking region. Each of these polymorphisms appeared to be in complete linkage disequilibrium with the Ϫ514 T allele, constituting a single haplotype. The association between the Ϫ514 T allele and plasma HDL-C concentrations may be due to any of these polymorphisms acting individually or in combination or to linkage disequilibrium between these polymorphisms and another, as yet identified sequence change(s).
To determine whether linkage between LIPC and plasma HDL-C concentrations was due entirely to the allele defined by Ϫ514 T, linkage studies were performed in families in which the T allele was not present (both parents were CC homozygotes). These analyses indicated significant linkage between LIPC and HDL-C concentrations. Thus, although homozygosity for the T genotype has a marked effect on the HDL-C concentration of an individual, the allele defined by this polymorphism does not fully account for the effects of hepatic lipase polymorphism on plasma HDL-C concentrations in the population. Accordingly, other hepatic lipase alleles with systematic effects on plasma HDL-C levels are likely to be present in the population. We anticipate that further sequencing of the hepatic lipase gene will reveal additional polymorphisms that confer heritable variation in plasma HDL-C concentrations.
